Using data recorded by the CLEO-II detector at CESR, we report the rst observation of an excited charmed baryon decaying into 0 c + . The state has mass di erence M( 0 c + ) ; M( 0 c ) o f 1 7 4 :3 0:5 1:0 MeV=c 2 , and a width of < 3:1 MeV=c 2 (90% con dence level limit). We identify the new state as the + c , the isospin partner of the recently discovered 0 c .
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Abstract
Using data recorded by the CLEO-II detector at CESR, we report the rst observation of an excited charmed baryon decaying into 0 c + . The state has mass di erence M( 0 c + ) ; M( 0 c ) o f 1 7 4 :3 0:5 1:0 MeV=c 2 , and a width of < 3:1 MeV=c 2 (90% con dence level limit). We identify the new state as the + c , the isospin partner of the recently discovered 0 c .
Typeset using REVT E X
Permanent address: BINP, R U-630090 Novosibirsk, Russia The data presented here were taken by the CLEO IIdetector operating at the Cornell Electron Storage Ring. The sample used in this analysis corresponds to an integrated luminosity o f 4 . 1 f b ;1 from data taken on the (4S) resonance and in the continuum at energies just above and below the (4S). The CLEO II detector is described elsewhere 2]. We detected charged tracks with a cylindrical drift chamber system inside a solenoidal magnet, and we detected photons using an electromagnetic calorimeter consisting of 7800 cesium iodide crystals. The analysis procedure is similar to that of our previous paper 1]. However, here we include an augmented data set.
We report the observation of a new particle decaying into 0 c + , where the 0 c charmed baryons were observed decaying into either ; + , ; K + , ; + 0 , or 0 + ; . The hyperons were observed by their decays ; ! ; , ; ! K ; , ; + 0 , ; ! ; , and 0 ! 0 . These decay modes of the 0 c were chosen because they have the most signi cant signals. The rst two of these decay modes were rst observed by the CLEO 1.5 experiment 3,4]. A planned CLEO publication will detail branching ratio measurements of all four of the 0 c decay modes. The procedure for nding , 0 and ; candidates has been presented elsewhere 1]. The ; candidates were selected with a procedure to that used for ; candidates. Both kaon tracks in the decay 0 c ! ; K + were required to beconsistent with the kaon hypothesis using speci c ionization measurements in the drift chamber, and when present, time-of-ight measurements.
Charge conjugate modes are implicit throughout.
In order to select 0 c candidates, the hyperons were combined with the remaining charged and neutral tracks in the event. The 0 candidates were made by combining two clusters of energy deposited in the CsI calorimeter. To suppress background in the 0 c ! ; + 0 mode, we required that the 0 candidates have a momentum greater than 300 MeV/c.
Similarly, both mesons from the 0 c ! 0 + ; decay are required to have momenta greater than 300 MeV/c. To illustrate the good signal to noise ratio of the 0 c signals, we reduce the combinatorial background, which i s w orst for 0 c candidates with low momentum, by applying a cut on x p , where x p = p=p max , p is the momentum of the charmed baryon, mesons are kinematically limited to x p < 0:4, so this cut rejects those candidates, leaving only those produced by e + e ; annihilation into cc jets, which are known to have a hard momentum spectrum. The mass di erence spectrum, shown in Figure 2 , shows a clear peak at around 174 MeV=c. We t this mass spectrum to the sum of a Chebychev polynomial with threshold suppression, and a Breit-Wigner convoluted with a Gaussian resolution function ( = 1 :6 M e V =c 2 , calculated by M o n te Carlo studies). The t yields a signal area of 34:2 +8:9 ;7:9 combinations, a mean mass di erence of 174:3 0:5 MeV=c 2 , and an intrinsic width, ; = 0:7 +1:2 ;0:7 MeV=c 2 , where the errors shown are statistical errors only. Considering systematic errors due to the tting procedures and to energy-loss corrections for charged tracks, we nd a mass di erence for this new state of 174:3 0:5 1:0 MeV=c 2 . The measurement of the width is consistent with zero, so we present a 90% con dence level upper limit of ; < 3:1 M e V =c 2 . Figures 3(a), 3(b) , 3(c) and 3(d), respectively, s h o w the same mass di erence as presented in Figure 2 , but separated into combinations involving the four 0 c decay chains separately. In the ts overlayed on these histograms, the mass and width of the signal were constrained to the values found by the t to Figure 2 . The numberof events in the peaks are found to be12:0 4:0 events for Figure 3 In order to study the fragmentation function we divide the data into bins of x p , determine the yields in each bin and correct the yields using e ciencies obtained from Monte Carlo e ciencies. Figure 4 shows the dN dxp , and the overlayed t which is of the Peterson 12] form of dN=dx p / x ;1 p (1 ; 1=x p ; =(1 ; x p )) ;2 . The t gives a value of = 0 :24 +0:22 ;0:10 , which is very similar to that measured for the 0 c . In order to calculate the numberof 0 c baryons that are the decay products of + c decays, we need to extrapolate the yield of + c and 0 c baryons down to x p = 0 . As it is expected that the isospin partners will have very similar momentum spectra, we use a fragmentation shape for the + c which is the average of that obtained above and that of our previous measurement o f 0 c . Similarly for the extrapolation 5 for 0 c we use a value of = 0 :23 +0:06 ;0:05 0:03 which we have measured for + c production as this is the most accurate measurement of the fragmentation function of a c state 13]. We calculate that (17 5 +4 ;3 )% of 0 c baryons are produced from + c decays. In conclusion, we have observed a narrow (; < 3:1 MeV=c 2 ) peak which we believe corresponds to the decay + 
